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S U M M A R Y
Purpose: This study was conducted to evaluate the efﬁcacy and safety of anterior corpus callosotomy
with a keyhole approach on refractory seizures and to evaluate this procedure for drop attacks (DAs) and
generalized tonic–clonic seizures (GTCSs).
Methods: All refractory seizure patients underwent anterior corpus callosotomy (n = 31) without other
epilepsy surgery. Seizure response and procedure complications were evaluated.
Results: Seizure types included GTCS (n = 26), and atonic or tonic seizures with DA (n = 9). In GTCS
patients, 84.6% had 50% decrease in seizure frequency, and 61.5% had 80% reduction. In DA patients,
77.8% had 50% decrease in seizure frequency, and 55.6% had 80% reduction. There were no
statistically signiﬁcant differences between the groups in ﬁnal efﬁcacy. Overall complication rate for
corpus callosotomy was 12.9%, the permanent complication rate was 3.2%.
Conclusions: Anterior corpus callosotomy with a keyhole approach produces highly favorable outcomes
for both GTCS and atonic or tonic seizures with a low risk for complications.
 2009 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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The corpus callosum, may be the main conduit for interhemi-
spheric synchronization and spread of seizure activity1. In clinical
practice, the corpus callosum is divided in order to localize the
spread of epilepsy to one hemisphere, and then to reduce the
frequency of seizures2,3. However, this technique is considered to
be mainly palliative therapy.3,4
Controversy continues over the extent of resection of the corpus
callosum, the risk of complication, and patient selection. Addi-
tionally, several transient and some permanent sequelae, including
hemiparesis, apraxia, and mutism, may occur5. While some
symptoms can be attributed to the disruption of the corpus
callosum, others are due to the operative procedure itself. The
frequency of these complications, and perhaps the severity,may be
diminished by modiﬁcation of the operative technique.
Drop attacks (DAs), which mainly consists of atonic and tonic
seizures, are reported to respond best with total corpus
callosotomy6. However, this technique is associated with a high
risk for disconnection syndrome that is not observed in patients
with partial callosotomy.* Corresponding author. Tel.: +86 21 68383708.
E-mail address: jojo_ras@hotmail.com (X. Ji-Wen).
1059-1311/$ – see front matter  2009 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2009.03.003In this study, we performed anterior corpus callosotomy with a
keyhole approach in patients with clinically refractory epilepsy to
explore the effectiveness of the technique on refractory seizures
and the complication rate of this method.
2. Patients and methods
2.1. Patient selection
Between January 2003 and November 2006, 31 patients under-
went anterior callosotomy with a keyhole approach at the
Department of Neurosurgery, Renji Hospital, Shanghai Jiaotong
University, School ofMedicine, Shanghai, China. All patients enrolled
in the study were diagnosed with clinically refractory epilepsy that
was uncontrolled despite a trial of more than three anticonvulsant
medications (AEDs) either alone or in combination for more than 1
year. Preoperative brain MRI and EEG suggested surgically inacces-
sible multi-seizure foci or no obvious single focus. We classiﬁed our
patients into two groups, onewith generalized tonic–clonic seizures
(GTCSs) and the other groupwithdrop attacks (DAs),which included
tonic seizure and atonic seizures. Other seizure typeswere excluded.
The extent of sectioning consisted of the anterior 1/2 to 2/3 of the
total length of the corpus callosum. In most patients, this area was
conﬁrmed by anatomical landmarks that were assessed intraopera-
tively or by postoperative MRI. All patients have undergone close
follow-up for at least 1 year by a qualiﬁed epileptologist.vier Ltd. All rights reserved.
Fig. 2. The corpus callosotomy reduced seizure frequency in patients with GTCS and
those with DA. No signiﬁcant differences occurred between these two groups.
Fig. 3. For those with a corpus callosotomy, the majority of patients were in classes
1, 2, or 3.
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Pretreatment diagnostic workup included analysis of the
interictal EEG, cranial MRI, and demographic data, including age
at surgery, gender, duration of epilepsy, age at epilepsy onset, and
duration of follow-up.
Postoperative seizure outcomewas assessed at last follow-up in
all patients. Outcome was determined by the reduction of seizure
frequency (preoperative seizure frequency compared with seizure
frequency at last follow-up), the percentages of corpus callosot-
omy patients with 50% seizure reduction and 80% seizure
reduction, and Engel surgical outcome classiﬁcation.
In our center, we use a wave-like scalp incision for callosotomy,
and provide a minimally invasive keyhole approach for micro-
surgery. The corpus callosum is exposed under a microscope and
the resection involves the anterior 1/2 to 2/3 of the corpus
callosum. We select this procedure to reduce bleeding and
provides a smaller incision which is greatly beneﬁcial for patients,
particularly children.
Statistical analysis comparing outcomes was performed utiliz-
ing Chi-square test, Fisher exact test, and paired t-test. Changes
were considered statistically signiﬁcant when the p value was
<0.05.
3. Results
3.1. Demographic data
Of the 31 study patients, 17 males and 14 females underwent
anterior corpus callosotomy with a keyhole approach. The mean
age was 17.5 years (range, 2–44 years), and the duration between
onset of seizure and surgery ranged from 1 to 32 years (mean, 9
years). Seizure types among the 31 patients included GTCS in 26
patients, and atonic or tonic seizures with DA in 9 patients.
3.2. Seizure outcome and Engel classiﬁcation
The duration of follow-up ranged from 1 to 4 years, median 3
years. In the 26 GTCS patients, 22 (84.6%) had 50% decrease in
seizure frequency and 16 (61.5%) had 80% reduction (Fig. 1).
Similar results were observed in DA patients. Seven patients
(77.8%) had 50% seizure reduction, and 5 patients (55.6%)
experienced80% reduction. Therewere no statistically signiﬁcantFig. 1. Mean seizure frequency was signiﬁcantly reduced in both two group
patients.differences between the groups in ﬁnal efﬁcacy (p > 0.05). Among
patients with GTCS, the mean seizure frequency decreased from
17.8(7.9) to 4.2(4.6) seizures per month. In the DA group, the
frequency of seizures decreased from13.2(3.3) to 3.5(3.4) seizures
per month. In this group, the baseline seizure frequency was lower
than in the GTCS group (Fig. 2).
In patients with corpus callosotomy, the majority (83.9%) of
patients were in Engel classes 1 (38.7%), 2 (25.8%), or 3 (19.4%).
Only 16.1% patients were evaluated as class 4 (Fig. 3).
3.3. Adverse events
In this study, no perioperative death occurred. Only 12.9% of
study patients had complications associated with corpus callo-
sotomy. However, serious adverse events did occur, including two
cases of status epilepticus, one intracranial infection, and one
pulmonary infection. In those patients with complications, most
experienced signiﬁcant improvement (in patients with disconnec-
tion syndrome) or complete resolution (in patients with status
epilepticus and infection) of the symptoms. However, one (3.2%)
patient sustained permanent sequelae after corpus callosotomy,
that presented as mutism and hemiparesis at last follow-up.
4. Discussion
This study assessed the efﬁcacy and safety of anterior corpus
callosotomy via keyhole approach for the treatment of refractory
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postoperative mean seizure frequency per month, the percentages
of patients with 50% and 80% seizure frequency reduction, and
Engel outcome class.7 Both groups beneﬁted from anterior
callosotomy with a similar seizure reduction rate (84.6% vs.
77.8%) in this non-randomized study, and we just compared the
results between patients with GTCS and those with DA. Our study
results are fully congruous with previous reports.8–10
Operative complications that have been noted in earlier
studies11, including hemiparesis, mesial hemispheric infarcts,
and hemispheric edema, were not noted in our patients. We
attribute this to our adherence to microsurgical techniques12. In
our study, only a small percentage of patients (12.9%) experienced
complications, andmost neurologic deﬁcits improved in our series.
The complications of this procedure are minimal and acceptable.
Anterior callosotomy has been shown to be a sufﬁcient
procedure in many previously published reports.13,14 This tech-
nique has been shown to decrease the incidence of disconnection
syndrome as well as to provide good seizure control.4 In the
immediate postoperative period, we observed mutism in 2
patients. This symptom disappeared within 3 weeks postopera-
tively in one patient, and the procedure continued to provide
seizure control. Anterior partial callosotomy is widely used in our
patients. The anterior two-thirds of the corpus callosum connects
the bilateral prefrontal and frontal regions, and this connection is
essential for generalization of tonic and tonic–clonic seizures and
drop attacks.1 Anterior partial callosotomy preserves sufﬁcient
interhemispheric ﬁbers and this markedly reduces the risk of
complications.13,15 Our preliminary results revealed no statisti-
cally signiﬁcant difference in the postoperative seizure outcome
between the anterior dominant epileptiform groups and posterior
dominant epileptiform groups. This suggests that anterior partial
callosotomy also helps patients with posteriorly located bisyn-
chronous epileptiform discharges.16
It is clear from these data that patients with GTCS and DA may
beneﬁt from corpus callosotomy to achieve greater reduction of
seizures with fewer complications. Ideally, keyhole corpus
callosotomy should be evaluated with a large, multicenter,
collaborative, controlled, and randomized blinded trial with
assessment of clinical outcome and adverse events. Further
research may help elucidate the patient characteristics, including
age, course of disease, IQ, drug use, EEG type, MRI preoperatively,
and other factors, that would favor this procedure.In conclusion, we believe that the anterior corpus callosotomy
can be viewed as a feasible alternative to the standard surgical
procedure in patients with GTCS or DA. When physicians, patients,
and their families choose a treatment for seizure control, several
factors should be considered, including the control of seizure
frequency and severity, patient expectations, and relative risk of
the procedure.
References
1. Wyler AR. Corpus callosotomy. In: Wyllie E, editor. The treatment of epilepsy:
principle and practices. Philadelphia: Lea & Febiger; 1993. p. 1120–5.
2. Erickson TC. Spread of the epileptic discharge. An experimental study of the
after ischarge induced by electrical stimulation of the cerebral cortex. Arch
Neurol Psych 1940;43:429–52.
3. Clarke DF, Wheless JW, Chacon MM, Breier J, Koenig MK, McManis M, et al.
Corpus callosotomy: a palliative therapeutic technique may help identify
resectable epileptogenic foci. Seizure 2007;16(6):545–53.
4. Rahimi SY, Park YD, Witcher MR, Lee KH, Marrufo M, Lee MR. Corpus callo-
sotomy for treatment of pediatric epilepsy in the modern era. Pediatr Neurosurg
2007;43:202–8.
5. Shimizu H. Our experience with pediatric epilepsy surgery focusing on corpus
callosotomy and hemispherotomy. Epilepsia 2005;46(suppl 1):30–1.
6. Maehara T, Shimizu H. Surgical outcome of corpus callosotomy in patients with
drop attacks. Epilepsia 2001;42:67–71.
7. Engel J. Outcome with respect to epileptic seizures. In: Engel J, editor. Surgical
treatment of the epilepsies. New York: Raven Press; 1987. p. 553–71.
8. Reutens DC, Bye AM, Hopkins IJ, Danks A, Somerville E, Walsh J, et al. Corpus
callosotomy for intractable epilepsy: seizure outcome and prognostic factors.
Epilepsia 1993;34:904–9.
9. Fuiks K, Wyler AR, Hermann BP, Somes G. Seizure outcome from anterior and
complete corpus callosotomy. J Neurosurg 1991;74:573–8.
10. Oguni H, Olivier A, Andermann F, Comair J. Anterior callosotomy in the treat-
ment of medically intractable epilepsies: a study of 43 patients with a mean
follow up of 39 months. Ann Neurol 1991;30:337–46.
11. Cukiert A, Burattini JA, Mariani PP, Camara RB, Seda L, Baldauf CM, et al.
Extended,one-stage callosal section for treatment of refractory secondarily
generalized epilepsy in patients with Lennox-Gastaut and Lennox-like syn-
dromes. Epilepsia 2006;47:371–4.
12. Rathore C, Abraham M, Rao RM, George A, Sankara Sarma P, Radhakrishnan K.
Outcome after corpus callosotomy in children with injurious drop attacks and
severe mental retardation. Brain Dev 2007;29:577–85.
13. Funnell MG, Corballis PM, Gazzaniga MS. Cortical and subcortical interhemi-
spheric interactions following partial and complete callosotomy. Arch Neurol
2000;57(2):185–9.
14. Kim DS, Yang KH, Kim TG, Chang JH, Chang JW, Choi JU, et al. The surgical effect
of callosotomy in the treatment of intractable seizure. Yonsei Med J
2004;45(2):233–40.
15. Kwan SY, Wong TT, Chang KP, Chi CS, Yang TF, Lee YC, et al. Seizure outcome after
corpus callosotomy: the Taiwan experience. Child’s Nervous Syst2000;16(2):87–92.
16. Kwan SY, Wong TT, Chang KP, Yang TF, Lee YC, GuoWY, et al. Seizure outcomes
after anterior callosotomy in patients with posterior-dominant and with ante-
rior-dominant epileptiform discharges. Child’s Nervous Syst 2001;17(1-2):71–5.
